Objective: To evaluate whether the use of multiphase CT angiography (CTA) improves interrater agreement for intracranial occlusion detection between stroke neurology trainees and an expert neuroradiologist.
Neurologists are critical to the treatment of acute ischemic stroke and are called on to rapidly interpret imaging, including CT angiography (CTA) for early detection of neurovascular occlusions. Accurate identification of intracranial vessel occlusions is crucial when making clinical decisions. [1] [2] [3] [4] [5] In the minor stroke and TIA spectrum of ischemic cerebrovascular disease, intracranial occlusion has been shown to be associated with early stroke recurrence, progression, and disabled outcome. 6 Current clinical trials are assessing the value of endovascular and medical thrombolytic therapy in populations defined by the presence of vessel occlusion. BASICS (NCT01717755) is a trial evaluating the efficacy of endovascular therapy in the posterior circulation occlusion, and TEMPO-2 (NCT02398656) is examining the efficacy of IV tenecteplase (TNK-tissue plasminogen activator) in minor strokes and TIAs with proven symptomatic intracranial occlusion. 7, 8 Detecting an intracranial occlusion can be challenging, especially when the occlusion is in the distal intracranial vasculature. Multiphase CTA is a novel but simple imaging technique that provides time-resolved cerebral angiograms of the intracranial vasculature. [9] [10] [11] The objective of this study was to evaluate whether the use of multiphase CTA improves interrater reliability and detection of proximal and distal intracranial occlusions among TIA and minor stroke patients.
METHODS Data are from 100 prospectively collected multiphase CTA scans from 2 studies: the TEMPO-1 Trial (TNK-tPA Evaluation for Minor Ischemic Stroke with Proven Occlusion) and the PRoveIT Study (Precise and Rapid Assessment of Collaterals Using Multiphase CTA in the Triage of Patients with Acute Ischemic Stroke for Intra-arterial Therapy; NCT02184936). 8, 9 TEMPO-1 was a phase 2, doseescalation safety and feasibility trial that enrolled patients with a proven intracranial occlusion and clinical TIAs or minor ischemic strokes, defined as NIH Stroke Scale score #5; all were treated with IV tenecteplase. Because TEMPO-1 was a multicenter study, not all patients were imaged by multiphase CTA. Only patients who underwent a multiphase CTA scan were included. PRoveIT is an ongoing prospective, observational study analyzing the utility of multimodal imaging, including multiphase CTA, in the triage of patients with acute ischemic stroke for treatment decisions. To obtain a homogeneous group of patients, we selected consecutive patients enrolled in PRoveIT with an NIH Stroke Scale score #5. Patients in PRoveIT did not necessarily have an intracranial occlusion and were treated according to the attending physician's discretion. Scans from both studies were merged and randomly reordered by a research assistant who was not involved in reading the scans so that the readers were blinded to the clinical symptoms, the study of origin, and the total number of occlusions.
Standard protocol approvals, registrations, and patient consents. The TEMPO-1 and PRoveIT studies received approval from the University of Calgary institutional review board for research using human subjects. Written informed consent was obtained from patients enrolled in TEMPO-1 and waiver of consent was approved for enrollment in PRoveIT.
Imaging protocol and analysis. The full imaging protocol for multiphase CTA has been previously described. 9 Briefly, the first phase of the multiphase CTA is from aortic arch to vertex using a multidetector CT scanner, acquired in the late arterial phase with scanning triggered by contrast bolus monitoring in the aortic arch with average dose length product of 700 to 800 mGy$cm. The scan time is less than 10 seconds on modern generation scanners. The second and third phases of the multiphase CTA, each taken approximately 8 seconds apart, take images from the skull base to vertex in the midvenous and late-venous phases of the initial contrast bolus. Images were acquired with 0.625-mm section thickness and automatic postprocessing of multiphase CTA maps are complete in less than 3 minutes. Radiocontrast media (80 mL) is injected at a rate of 5 mL/s and followed by a 50-mL normal saline chase at a rate of 6 mL/s. The multiphase CTA protocol does not require additional contrast medium and there is minimal extra radiation as the second and third imaging phases are acquired with lower radiation dose since imaging is from the skull base to vertex only. 10, 11 For our study, the first phase of the multiphase CTA acquired in the late arterial phase was defined as single-phase CTA. An expert neuroradiologist (Z.A.) and 2 stroke neurology fellows (A.Y.X.Y., C.Z.) reviewed all scans blinded to any clinical and other imaging data. When reading single-phase CTA, the readers had access only to the first-phase source images, axial thick maximum intensity projection (MIP), and the axial, sagittal, and coronal reformatted thin MIPs. When reading the multiphase CTA, the readers had access to all 3 phases, including sources images and the second and third phases of the axial thick MIPs. To ensure the interpretations of the single-and multiphase CTA were independent from each other, the 2 scan types were read 2 weeks or more apart.
Each reader documented the presence and location of an intracranial occlusion. The classification of intracranial occlusion location was as follows: left and/or right anterior cerebral artery (ACA-A1, ACA-A2), middle cerebral artery (MCA-M1, MCA-M2, MCA-M3), posterior cerebral artery (PCA), vertebral artery and posterior inferior cerebellar artery (VA-PICA), and the basilar artery. After reading the multiphase CTA, even if no occlusion was found, readers documented any asymmetry of the ACA, MCA, PCA, or VA-PICA pial vasculature. This could be seen as decrease or delay in filling or washout of contrast in pial vessels on the second and third phases representing the mid-and late-venous phases (figures 1-3). Finally, follow-up neuroimaging was reviewed by the neuroradiologist, and the presence and location of acute infarcts as a reference standard for the occlusion detection were documented.
Statistical methods. We used descriptive analyses to describe the frequency and location of intracranial occlusion detection for each scan type and the median reading time per scan. The occlusion locations were grouped into anterior (ACA, MCA) and posterior (PCA, VA-PICA, basilar) circulation territories. The anterior circulation occlusions were further classified as proximal (ACA-A1 and MCA-M1) and distal (ACA-A2, MCA-M2, and MCA-M3). We did not stratify the posterior circulation occlusions. We used unweighted k statistics and 95% confidence intervals to evaluate interrater agreement between each neurologist and the neuroradiologist. Agreement was quantified as fair (k 5 0.21-0.40), moderate (k 5 0.41-0.60), substantial (k 5 0.61-0.80), or almost perfect (k 5 0.81-0.99). 12 For the single-phase CTA, we reported agreement for any occlusion detection and also stratified by anterior vs posterior circulation territories. For the multiphase CTA, we reported agreement for detection of any occlusion, anterior vs posterior occlusion, and anterior vs posterior occlusion and/or asymmetry of pial vessels. We reported agreement for the detection of proximal and distal occlusions in the anterior circulation for both scan types. All analyses were performed using STATA 14.0 (StataCorp, College Station, TX).
RESULTS
Single-and multiphase CTA scans from 100 patients were interpreted. Table 1 outlines the total number of scans with an occlusion, as identified by each reader, in any circulation and categorized into anterior and posterior circulation. The median reading time was 3 minutes per single-phase CTA scan for all readers and 3 minutes per multiphase CTA scan for the neurologists and 2 minutes for the neuroradiologist. On single-phase CTA, of the 52 anterior and 14 posterior occlusions identified by the neuroradiologist, neurologist 1 correctly identified 34 (65%) anterior and 12 (86%) posterior circulation occlusions and neurologist 2 correctly identified 28 (54%) anterior and 9 (64%) posterior circulation occlusions. Neurologist 1 identified 5 false-positive cases in the anterior circulation and 6 in the posterior circulation (occlusions detected by the neurologist that were not reported by the neuroradiologist). Neurologist 2 identified 6 and 10 false-positive cases in the anterior and posterior circulations, respectively. On multiphase CTA, when assessing both vessel occlusion and pial vessel asymmetry, of the 54 anterior and 15 posterior circulation abnormalities identified by the neuroradiologist, neurologist 1 correctly identified 47 (87%) anterior and 6 (40%) posterior circulation abnormalities and neurologist 2 correctly identified 50 (93%) anterior and 7 (47%) posterior circulation abnormalities. Neurologist 1 identified 3 and 4 false-positive cases in the anterior and posterior circulations and neurologist 2 identified 5 and 8 false-positive cases in those respective circulations.
Interrater agreement was fair (k 5 0.45 and 0.32) between the neurologists and neuroradiologist for occlusion detection using the single-phase CTA (table 2). The agreement remained similar when stratifying the single-phase CTA results by anterior vs posterior occlusion. However, there was substantial agreement (k 5 0.76 and 0.72) for anterior circulation occlusions using multiphase CTA and the agreement further improved for identification of an anterior circulation occlusion or asymmetry of pial vessel filling using multiphase CTA (k 5 0.80 and 0.84). Most of the anterior occlusions detected by the neuroradiologist on the multiphase CTA were distal (n 5 53; some scans had more than one occlusion in the same anterior circulation territory): 8 proximal M1 branch occlusions, 26 M2, and 19 M3 and beyond. The agreement was fair to moderate for proximal vs distal occlusions on single-phase CTA (k 5 0.56 and 0.40 for proximal and k 5 0.39 and 0.33 for distal occlusions, for neurologist 1 and 2, respectively, compared to the neuroradiologist). The agreement improved with multiphase CTA (k 5 0.71 and 0.74 for proximal and k 5 0.62 and 0.59 for distal occlusions, for neurologist 1 and 2, respectively). Interrater agreement appeared lower using multiphase CTA for occlusions in the posterior circulation (k 5 0.38 and 0.37, table 2). Most posterior circulation occlusions (n 5 15) detected by the neuroradiologist were distal: one proximal PCA, 6 Neurology 87 August 9, 2016 613 DISCUSSION We show that the interrater agreement for detection of intracranial anterior circulation occlusion between nonexpert stroke neurology trainees and an expert neuroradiologist is high when using multiphase CTA. In contrast, the agreement is only fair with the standard single-phase CTA. Because acute ischemic stroke treatment is timesensitive, front-line physicians, including stroke neurologists, general neurologists, emergency room physicians, and trainees have important roles in image interpretation. Neurovascular imaging interpretation in patients with acute ischemic stroke is analogous to ECG interpretation by emergency room physicians or internists for acute myocardial infarction. We showed that evaluation of pial vessel asymmetry allowed for detection of additional potential ischemic vascular territory in the anterior circulation. In the context of suspected acute stroke, asymmetric pial vessel filling suggests asymmetric blood flow, due to either intra-or extracranial vascular high-grade stenosis or occlusion. Identifying the acute ischemic stroke patients with symptomatic vascular occlusions helps distinguish the most high-risk patients and has the potential to lead to more rapid institution of treatment. 7, 8, 13 Another explanation for pial vessel asymmetry without detection of occlusion is early recanalization without reperfusion. Identifying these patients is relevant because reperfusion has been shown to be a stronger predictor of good clinical and imaging outcome compared to recanalization. 14, 15 Furthermore, multiphase CTA has been shown to have higher interrater agreement for grading collateral status, which is an independent predictor for clinical outcome after acute ischemic stroke. 16, 17 Despite increased information with this advanced imaging technique, patient management is not expected to be delayed as reading times are similar between the 2 imaging modalities and between neurologists and neuroradiologist. Moreover, our results are consistent between the 2 stroke neurology trainees who read the images independently, suggesting that our findings can be replicated by other neurologists.
It may be more difficult for trainees to detect occlusions in the posterior circulation; we showed low interrater agreement. The additional phases on the multiphase CTA did not seem to confer more information for posterior circulation occlusions. Plausible reasons for this observation include that (1) most of the posterior circulation findings were in the distal vasculature where the vessels are smaller and the Table 2 Kappa coefficient and 95% confidence intervals for agreement between readers Anterior circulation a 40 48 50
Posterior circulation a 11 15 15 Any occlusion/asymmetry 60 68 68
Anterior circulation a 50 54 54
Posterior circulation a 11 15 15 Median reading time, min (IQR) 3 (2) 3 (1) 2 (4)
Abbreviations: CTA 5 CT angiography; IQR 5 interquartile range. a The sum of CTA scan anterior and posterior circulation occlusions may be greater than the global number of scans with any occlusions because an individual scan may have more than one occlusion. Each circulation with an occlusion may have more than one vessel occluded.
anatomy is more variable, (2) the deep cerebral veins on phases 2 and 3 of the multiphase CTA make imaging interpretation more challenging, and (3) blinding to clinical symptoms may have also made these interpretations challenging for nonradiologist clinicians. A limitation of our study is that the number of posterior circulation occlusions was small (20% of the cohort) and our confidence in the results in this stratum is lower. However, this is representative of the proportion reported in the acute ischemic stroke literature. 7 We did not capture any patients with anterior cerebral artery occlusions. There may be challenges in the generalization of our findings to other centers. Imaging interpretation is the last step of a multistep process, including proper installation of advanced imaging equipment, training technologists, as well as troubleshooting patient factors, such as poor cardiac output and motion artifact. Addressing these issues to yield a high-quality image is as important as imaging interpretation. Finally, while the current study did not evaluate other acute neuroimaging tools for suspected cerebral ischemia, such as the CT perfusion or acute MRI, a future study comparing these tools with multiphase CTA may be of interest. CT perfusion has shown potential to provide additional information, but it is currently limited by the lack of standardization of the imaging protocol, the absence of uniform definition for the ischemic core and penumbra, as well as its vulnerability to motion artifact and image processing delays. 13 Multiphase CTA is an innovative, user-friendly imaging tool that can improve diagnostic accuracy for anterior circulation intracranial occlusions, even when used by relatively inexperienced readers and even when occlusions are distal. The inclusion of the multiphase CTA in acute ischemic stroke imaging protocols has the potential to allow non-radiology trained physicians and trainees to rapidly and accurately determine anterior circulation occlusions, a crucial point in the clinical management of the patient for revascularization procedures.
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